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WIND TUNNEL TESTS OF AN 0.019-SCALE SPACE SHUTTLE 
INTEGRATED VEHICLE -2A CONFIGURATION (MODEL lU-OTS) IN THE 
NASA AMES 8 X 7-FOOT UNITARY WIND TUNNEL (IA12C) 

By 

R. B. Hardin and R. R. Burrows 
Rockwell International Space Division 

ABSTRACT 

This report contains information concerning a wind tunnel test of the 
0.019-scale Space Shuttle Integrated Vehicle in the Ames 8 x 7-foot Uni- 
tary Wind Tunnel. The test started 11 July 1973 for a total of 133 runs 
and 165 charge hours. The test identification number is IA12C. 

The purpose of the tesu was to determine the effects of cold jet gas 
plumes on (l) the integrated vehicle longitudinal and lateral-directional 
force data, (2) exposed wing hinge moment, (3) wing pressure distributions, 
(1) orbiter MPS external pressure distributions, and (5) model base 
pressures. An investigation was undertaken to determine the similarity 
between solid and gaseous plumes; fluorescent oil flow visualization 
studies were also conducted. 

This report is published in three volumes. Volume I contains plotted 
force data and tabulated listings of the force and nozzle pressure data. 
Volume II contains plotted wing pressure data while Volume III contains 
the corresponding tabulated data listing. 
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NOMENCLATURE 

General 









i 

i 


SYMBOL 

SADSAC 

SYMBOL 

DEFINITION 

8 


speed of sound; m/sec, fb/sec 

C P 

CP 

pressure coefficient; (p 1 - p w )/q 

M 

MACH 

M’n'h number; v/a 

P 


pressure; N/m‘- f psf 

q 

Q(NSM) 

Q(PSF) 

dynamic pressure; l/SpV 2 , N/m‘ ? , psf 

rn/l 

rn/l 

unit Reynolds number; per m, per ft 

V 


velocity; m/sec, ft/sec 

a 

ALPHA 

angle of attack, degrees 


BETA 

angle of sideslip, degrees 

* 

PCI 

angle of yaw, decrees 

<t> 

PHI 

angle of nil, degrees 
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NOMENCLATURE ( Continued ) 
Body- Ax ir. System 


SYMBOL 

r.ADr.Af 

SYMBOL 

DEFINITION 

C N 

CN 

n orm'i 1 - V or cv ■ coo f Ti * i* % 1 1 1 ; BiTi' 1 ' ^ Qr - ■ 

T-‘ 

C A 

CA 

•i::l'<l-rorct< root'flct^nt: force 

c Y 

CY 

r.lde-l'oref coefficient; - iid " foro *' 

°A b 

CAB 

-• eoofTiciont ; L) !, ' f ‘ ^ or f> 
!•' 

-A b (l>L ■ 

C Af 

CAF 

i'orf-bo t..' -i/l !.L l'orce coef't'i' lent, C;. - 

v m 

r m 

nltchin, eoeffici'-n! : !>i 'Mm: moment 

••fe 

f'n 

rai 

yr.rl rir-ri.on' -nt ccv dTIoi*. n t ; ZilllAlili 
■ > iCb 

L 7 

CBL 

rollbi-iMrnt .•o-ffici-nt: rolling 
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NOMENCLATURE (Continued) 


ADDITIONS 

TO STANDARD NOMENCLATURE 

Symbol 

Description 

AbACPS 

Attitude control propulsion system base area, 
(total for two) 

Ab£0HT 

External tank total base area (cavity plus 
model base) , ft? 

AboMS 

Base area of orbital maneuvering system (minus 
projected area of OMS nozzle) , ft2 (total for t 

AboMSN 

Nozzle exit area of OMS, ft^ (total for two) 

AboRB 

To*al orblter base area (minus projected exit 
area of MPS nozzles), ft? 

AbSRM 

SRM shroud base area (minus projected nozzle 
exit area), (total for two), ft? 

^EOHT 

External tank cavity area, ft? 

^ORB 

Orbiter cavity area, ft? 

^SRM 

SRM cavity area, ft? (total for two) 

An ORB 

Total exit area of (3) orblter MPS nozzles, 
ft? 

^SRM 

Total exit area of (2) SRM nozzles, ft? 

a 

Distance from gage to MRP (positive forward 

of MRP) , inches 

b « 

orblter exposed wing panel semi-span (distance 
from exposed root chord to tip chord.). Inches 


Elevon M.A.C length, inches 

c r 

Rudder M.A.C. length, inches 

Ca BAL 

Balance chord force coefficient (uncorrected). 

C Ak 

b ACPS 

Attitude control manuevering system base 
chord force coefficient 

CAb EOHT 

External tank base chord force coefficient 
(based on A b£0HT ) 

C Ab 

*®EOHT 

External tank base chord force coefficient 
(based on Ac EQHT ) 

Ca >>oms 

Orbital maneuvering system base chord force 
coefficient. 
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NOMENCLATURE (Continued) 


Plot 

Symbol 

Symbol 

Description 


CAb OMSN 

Orbital manuevering system nozzle base chord 
force coefficient 


'NrB 

A 

CAb OPU 

Orbiter base chord force coefficient (based 
on Ab Aft J 

d orb 

Orbiter base chord force coefficient (based 

on Ar^^r.) 
c ORB- 


CAb SRM 

CAb srm 

SRM base chord force coefficient (based on 
Ab SRM ) 

SRM base chord force coefficient (based on 
^SRM* 


c Ar 

c EOHT 

External tank cavity chord force coefficient 
(corrected to base pressure) 


* 

CAc EOHT 

External tank cavity chord force coefficient 
(based on a C£oht an< * ^OllT cavity pressures) 


Cac orb 

Orbiter cavity chord force coefficient 
(corrected to base pressure) 


A 

CAc ORB 

Orbiter cavity chord force coefficient (based 
° n Ac ORB and orbiter cavity pressures) 


CAc SRM 

SRM cavity chord force coefficient 
(corrected to base pressure) 


CAc SRM 

SRM cavity chord force coefficient (based on 
^SRM and cavity pressures) 


CAn 0RJ8 

Orbiter nozzle chord force coefficient 


CAn SR>1 

SRM nozzle chord force coefficient 


' C Af 

Ascent vehicle forebody chord force coefficient 


c a t 

Ascent vehicle total chord force coefficient 


c *i 

Ascent vehicle rolling moment coefficient 


C B W 

Wing bending moment coefficient about exposed 
root chord 

CHEO, 

CHEI 

Cu 

H «( ) 

Elevon hinge moment coefficient (Subscript 
denotes inboard or outboard) 


NOMENCLATURE (Continued) 


Plot 

Symbol 

CHW 

CBW 


CNW 


Symbol 

C «r 

Ch W 

c » t 

Cm BAL 

C N 

% 


Cp ( ) 

CY 

Cv 

x n 

c w 


d 


Description 

Rudder hinge moment coefficient 

Wing torsional moment coefficient 

Ascent vehicle forebody pitching coefficient 

Ascent vehicle total pitching moment coefficient 

Balance pitching moment coefficient 

Ascent vehicle normal force coefficient 

Normal force coefficient on one exposed wing 
panel 

Wing t base, cavity, and upper MPS nozzle 
pressure coefficient 

Ascent vehicle side force coefficient 

Ascent vehicle yawing moment coefficient 

Mean aerodynamic chord of exposed wing panel 
(based on Sy) , inches 

Distance from N2 gage to MRP (positive forward 
of MRP) inches 


e Distance from MRP to balance centerline 

(positive above MRP) 

f Distance from MRP to gage (positive forward 

of MRP) 


*>< > 

°»( > 

g 

i 

Ke ( ) 


Glmbal pitch angle of nozzle from null position 
(denoted by subscript), degrees 

Cimbal yaw angle of nozzle from null position 
(denoted by subscript), degrees 

Distance from MRP to Y2 gage (positive forward 
of MRP) , inches 

Incidence angle of orbiter reference plane 
with respect to EOHT reference plane, degrees 

Elevon hinge moment gage calibration factor 
(subscript denotes inboard or outboard) 
in. -lb/ cts 

Ratio of Measured to Theoretical Exit Pressure 

r. 


/ 


1 ? 


NOMENCLATURE (Continued) 


Symbol Description 

Rudder hinge moment gage calibration factor, 
ln.-lbs/cts 


K iJ 


Wing gage calibration factor, in.-lb/ct where 
i ■ gage number and J * order of K in the second 
degree calibration curve fit 


l REF 

”1,2,3 

M l,2,3 



”1,2,3 



t 



Longitudinal reference length, inches 

Wing strain gage output (uncorrected for 
interactions) in. -lbs; where 1 is the inboard 
bending gage, 2 is the outboard bending gage, 
and 3 is the torsion gage. 

Wing strain gage output which has been cor- 
rected for interactions, in. -lbs; where 1 
is the inboard bending gage, 2 is the outboard 
bending gage, and 3 is the torsion gage. 

Tunnel freestreara mach number. 

Wing strain gage output, raw data counts, 
where 1 is the inboard bending gage, 2 is the 
outboard bending gage, and 3 is the torsion 
gage. 

Elevon hinge moment gage output, raw data 
counts where subscript denotes inboard or 
outboard panel. 

Rudder hinge moment gage output, raw data 
counts • 


^(X.Y.Z) 


Moment reference point in X,Y,Z coordinates, 
inches 


Nl 

N 2 

NW 


Forward normal force gage output, pounds 

Aft normal force gage output, pounds 

Normal force on exposed wing panel, pounds. 

Nozzle plenum total pressure denoted by a 
subscript 


NOMENCLATURE (Continued) 


Symbol 



q 


Description 

Nozzle exit static pressure (denoted by a 
subscript), psia 

Model pressure, psfa 

Tunnel static pressure, psfa 

Tunnel total pressure, psfa 

Tunnel freestream dynamic pressure, psf 


Rp c () 


RP. 


( ) 


RN 

Se 

S r 


Ratio of plenum total pressure to Pj, denoted 
by a subscript 

Ratio of nozzle exit static pressure to Pj, 
denoted by a subscript 

Tunnel reynolds number, per foot 

Elevon area (total one side) ft? 

Rudder area, ft? 


Sv 


Area of one exposed wing panel (Includes glove 
area) , ft? 


S REF 


Reference area, ft? 


T 0 Tunnel freestream static temperature, *R 

Tj Tunnel total temperature, *R 

W F Model pressure weighting factor, either 

0 or 1 


*W 


Distance between wing bending gage and m2, 
Inches 


lit 


* 


NOMENCLATURE (Continued) 


Symbol 

XCP 

XCPw 

*o 

*HL 

X T 

yw 


Description 

Model station for center of pressure (Xt) 
lnchis 

Model station of exposed wing panel center 
of pressure location (Xt) , inches 

Orbiter longitudinal station, inches 

®*biter station of exposed wing torsional 
axis , inches 

EOHT longitudinal station, inches 

Spanwise distance from the exposed wing root 
chord to the m2 gage (positive when m2 gage 
is outboard of reference station), model scale 
inches 


Y o Orbiter spanwise station, inches 

Y ROOT Orbiter spanwise station of exposed wing root 

chord, inches 

E0HT spanwise station, inches 

YCP W Orbiter spanwise station of exposed wing panel 

center of pressure location, inches 

^*ACPS Vertical distance from centroid of ACPS base 

area to MRP (positive above MRP) , Inches 

Z bgoHT Vertical distance from centroid of EOHT base 

area to MRP (positive above MRP) , inches 

Z b Vertical distance from centroid of OMS base 

area to MRP (positive above MRP), inches 

Z bnuce Vertical distance from centroid of OMS norsle 

OMSN base area to MRP (positive above MRP), inches 

Z bQng Vertical distance from centroid of ORB base 

area to MRP (positive above MRP), inches 

E bgpj,| Vertical distance from centroid of SRM base 

area to MRP (positive above MRP), inches 


NOMENCLATURE (Conti nued ) 


Symbol 

Zc EOHT 


Zc SRM 

Zn orb 


Zn srm 


Description 

Vertical distance from centroid of EOHT cavity 
area to MRP (positive above MRP) , inches 

Vertical distance from centroid of orbiter 
cavity area to MRP (positive above MRP) , 

Inches 

Vertical distance from centroid of SRM cavity 
area to MRP (positive above MRP) , Inches 

Vertical distance from centroid of orbiter 
nozzle exit area to .MRP (positive above MRP) , 
inches 

Vertical distance from centroid of SRM nozzle 
exit area to MRP (positive above MRP) , inches 



Rudder deflection, degrees 

First order interaction for wing bending and 
torsion gages. (1) denotes first order term 
in a 2nd degree curve fit, (2) denotes second 
order term in a 2nd degree curve fit 

Ascent vehicle angle of attack and side slip 
respectively, degrees 


NOMENCLATURE (Continued) 


Subscripts 

a 

ACPS 

e 

EOHT 

1 
L 
0 

OMS 

OMSN 

ORB 

r 

R 

SRM 

T 

W 

1 

2 

3 

4 


Description 

aileron 

attitude control propulsion system 
elevon 

external oxygen hydrogen tank 

Inboard 

Left 

outboard 

orbital maneuvering system 

orbital maneuvering system nozzle 

Orblter 

Rudder 

Rlfiht 

Solid Rocket Motor 

Total 

Wing 

Top UPS nozzle 
Left MRS nozzle 
Right MPS nozzle 
Left SRM nozzle 


5 


Right SRM nozzle 


NOMENCLATURE (Concluded) 


Symbol 

OPR 

SRMPR 

MPSRA 

POWER 

X/D 

RUDDER 

$ 

®n 

GIMBAL 


Degcription 

Ratio of orbiter chamber pressure (P c ) to freestream 
total pressure 

Ratio of SRM nozzle exit pressure (P e ) to freestream 
total pressure 

Orbiter MPS nozzle rotation angle (same as 0 n ), deg. 

ON: indicates gaseous plumes are being generated 

OFF: indicates gaseous plumes are not being generated 

Ratio of the distance forward of the nozzle exit to the 
internal diameter of the nozzle exit 

Rudder deflection, deg. 

Radial angle on MPS nozzles with <J> = 0° on top, <J> = 90° on 
the right side, $ = l 80 ° on bottom, and <J> = 270° on left 
side, looking forward, deg. 

Rotation angle of MPS nozzles in ball sockets (clockwise 
rotation as looking forward is positive), deg. 


GIMBAL = 

1.0 

(GP1 

= 

GY.1 = 0°, GYP = - 

3.5°, GY3 = +3.5°) 

GIMBAL = 

P.0 

(gpi 

= 

+11°, GY1 = 

GY 2 = 

GY 3 » -9°) 

GIMBAL = 

3.0 

(GP1 

= 

GP2 = GP3 = 

+11° , 

GYP = -3.5°, 



GY 3 

= 

+3.5°, GPU 

= GP5 

= +7.0°) 

GIMBAL = 

U.O 

(GPI 

= 

-11°, GPP * 

GP3 = 

-8°, GY2 = -3.5°, 



GY3 

= 

+3.5°, GPU 

= GP5 

= -7°) 


CONFIGURATIONS INVESTIGATED 


The model tested was an 0.019-scale representation of the NASA/ 
Rockwell configuration of the integrated space shuttle vehicle. The model 
had the capability of cold Jet simulation of the Jet plumes generated from 
the SRM and MPS nozzles.’ 

The -2A configuration orbiter was rigidly attached to the EOHT at 0° 
incidence with respect to the EOHT centerline. The orbiter MPS nozzles 
were attached to the non-metric air supply system. Each nozzle could be 
gimbaled +11° pitch and +9° yaw. 

The orbiter righthand wing panel was instrumented with U0 static 
pressure taps and the lefthand wing was instrumented with a single flexure 
three-component moment balance. The elevon panels of the lefthand wing 
panel were each instrumented with a single-component moment balance. 

The vertical tail rudder had the capability of being deflected +10°. 
The rudder panel was instrumented with a single-component moment balance. 

The -U configuration EOHT was mounted on a 2.5-inch sting mounted 
internal balance. 

Both -2A and -l* configuration SRM's were available for testing. Each 
SRM was rigidly attached to the EOHT with the SRM centerline on water 
plane X,p = 0.0 in. and butt plane Yrp = 2^3 in. full scale. In addition 
to the baseline position the SRM’s could be shifted forward 71 in. full 
scale. The SRM nozzles were attached to the non-metric air supply system 
and could be gimbaled +7° in pitch and +7° in yaw. 
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Gelid plumes were fabricated for the three orbiter nozzles and the 
two SRM nozzles with the contours simulating the Mach 3.5 gaseous plume 
shape* 

The orbiter had three MPS nozzles whose individual gimbal points each 
define the origin of three separate reference systems. These reference 
systems are shown in figure 1 (e). Positive indications of gimbal pitch 
and gimbal yaw are shown. 

Figure 1 (f) is an enlarged view of one of these reference systems. 
All three planes shown are at right angles to one another. The dashed 
lines are projections of the nozzle centerline onto the pitch and yaw 
planes of the reference system, (a) is the angle of pitch, either up or 
down ; U) is the angle of yaw, either right or left. 

Each nozzle is physically sot to a gimbal angle of pitch and/or yaw 
by an apparatus which measures some radial direction m the base 

plane and (y), the angle from that radial to the nozzle centerline. The 
<J> sector is determined by (u) and (<l): 

<t> u 


;>Y0° 

to 

>/,o° 


0° 

to 

+90° 

0° 

to 

+90° 


1 80° 

to 

;>70° 


0° 

to 

-90° 

0° 

to 

+90° 


90° 

to 

1 80° 


0° 

t o 

1 

vO 

o 

o 

0° 

to 

-90° 


0° 

to 

90° 


0° 

to 

+90° 

0° 

to 

1 

VO 

o 

o 


programs for 

t,h i 

s rm 

)de 

i use 

the symbol 0^ , 

to denote 

III 1 Cl 

*iite 

* r l i no 

of 

the 

no 

zzle i 

1:; j.it cited 

( up 

o r down ) , 




ar. : 



G^, as the angle that the centerline of the nozzle is yawed (right or 
left). Up and left are both in the positive direction when looking forward t 
Since all angles are defined from the nozzle null position, the 
relationships are as follows: 

(1) Gj, - • - W 

(2) = * - * null 

where a null angJ “ e ^a.t the noz2le centerline is pitched froi* 

the reference system axis to null position, and ^ is the angle that 
the nozzle centerline is yawed from the reference system axis to null 
position (figure l[f]). 

The u and >1 , are specified for each MPS nozzle in the dimen- 

null Hull 

sional data for N and It should be noted here, that a side view 

of the orbiter shows that the nozzle base plate is rotated 13° from 
vertical (figure l[e]). Therefore, the three independent nozzle reference 


systems for nozzle pitch differ from the orb iter’s X„, Y , 

0 0 

system by a 13 ° rotation angle from vertical. 


re ference 


The following equations were used to convert nozzle gimbal angles, 
a mid ij), to tj> and >, the two angles that the fixture uses to duplicate 
the given angles: 


(l) tan $ = 


- tan ^ 
tan u 


( ? ) tan y 


sin + cos 


tan a - tan i> 



I 


i Also, 0 = 90° - Y for the following fixture settings: 

TOP NOZZLE : 

aero getting fixture setting 

I $ 0 


Null & Firing 0 

= G.., = 0 

t- 

0° 

+3° 

G p = + Li 


0° 

+11* ° 

G p = -1] 


180° 

8° 

G = +9 


288° 

9.5° 

G y = -0 


71.7° 

9.5° 

r. = +ii 

G y = -9 

32.5° 

16.5° 

BOTTOM LEP7 BOZZLE: 




Firing (R3.5) G y 

= -3.9 

180 ° 

3° 

Gp = +11 


336.9° 

8.7° 

Gp — — 11 


193.6° 

lit. It® 

G y = +9 


296.7° 

12.8° 

II 

1 

\o 

o 


1 18.3 d 

6.2° 

G p = +11, 

°Y = " 9 

3U.'*2° 

9-7° 

Null Gp = 0 = ■ 

: Y 

229 . U° 

It. 6° 
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f'/lTOM RIGHT NOZZLE: 


AERO SETTING 

FIXTURE 

GETTING 

Firing (L3.5) ( i y = 4 3. 5 

180° 

GO 

J 

u p = +n 

23.5° 

8.7° 

Op * -o 

166.2° 

1U.U° 

°Y = +9 

21.1.8° 

6.2° 

°Y = -9 

103.3° 

12.8° 

G p - ei, c; y = -9 

57.7° 

1U.7° 

Null (J. = 0 = G v 

1 30.6° 

06° 


The Ames high pressure ai r supply was utilized for cold Jet plur.es 
emanati ng from the orbiter MK> and ZRM nozzles. The arbiter MPL and 
nozzles had i n<i»>pendent controls for separate throttling of each system 
of nozzLes. GHM gaseous plumes could be produced without generating 
nrbiter plumes but vice versa was not true. Plume shapes for various 
Much numbers were produced by setting specific values of^ c /^«p for the 
orbiter nozzles undP p /^, for the GRM nozzles. Listed below are the 
pressure ratios us*d for nominal and off-nominal conditions. 



ORIGINAL PAGE IS 
Of' POOR QUALITY 



NOZZLE 


CONDITION 


OHM 


OH BITER 


M <„ 

1 ' /!’ 
0 

p /p m 
r T 

V P T 

2 . 5 

1 U 90 

87.21 

.9158 

2.5 

TOO 

)il . 08 

.1*291* 

3.0 

2686 

73.13 

.7679 

3.0 

2686 

73.13 

.7679 

3.0 

1)4)10 

39.20 

. 1*116 

3.0 

1*030 

110.0 

1.15 

3.5 

6000 

78.66 

.8260 

3-5 

3312 

U3. 1*2 

.1*56 

3-5 

81*00 

110.0 

1.15 

2.5 

5 3H 

31.255 

.3720 

2 . 5 

251 

1 U .721 

.1752 

3.0 

98'/ 

26.86 

.3198 

3.0 

530 

])|.1*0 

.1711* 

3.0 

l)i80 

1(1.0 

.1*80 

3.5 

1820 

23.86 

.281*0 

3.5 

1 005 

13.17 

. 1568 

,1 f 
) . > 

3090 

1*1.0 

.1*91* 

ab 1 c 

for t.li i c 

ondi t i on 


in tod 

on the Arne 

■s ;V>ineh f 

l’u:;k MK. 

li'- rn* 

•d'-l am.’; If 

of attack w 

an iridit 


nominal 
.1*71 nominal 
nominal 
nominal 
.536 nominal 
1.5 nominal 
nominal * 
.552 nominal 
1 . h nominal 
nominal 
.1*71 nominal 
nominal 
.536 nominal 
].5 nominal 
nominal * 
.552 nominal 
1 7 nominal 


dantf k'uino ter and un^h- < - i“ nidrrlip va:i indicated by sector read-out 
plus uting/baLunm* d'.vfhvl ion:;. 


?h 


aaasHii 






^«*s^wfryp^^ r» 


The lefthand wing panel was instrumented with a three- component 
single flexure moment balance. The elevons of the lefthand wing rar.el 
and the rudder were each instrumented with a single flexure single- 
component moment balance. 

The righthand orbiter wing panel was instrumented with forty (UO) 
otatic pressure taps. A total of sixteen (16) base and cavity taps wer 
installed for use in correcting chord force measurements. 

Tho orbiter MTL> nozzles each had twelve (12) external static taps 
at various radial and longitudinal locations. The nozzles were rotated 
to obtain a complete pressure survey around each nozzle. 









The following configuration components were tested: 


Component 


Du f i ni Lion 


10 




M., 

.1 


10 


17 


18 


80 


87 


K 


18 


X 


10 




10 
J 1 1 
10 


body 

Canopy 

M an i p u 1 a t, o r h ous i ri g 
hody flu)) 

Orbital maneuvering subsystem ( 0MG ) pod 
0KC nozzles 
Orb i. ter nozzles 
0 rb a t e r pressure nozzles 

SUM nozzles M = 0.9, 1.2 
OHM nozzle:; M = 8.0, 3.5 
CHIP nozzles (mismatch) 

HUM r i o z z ha *, f o rwar d 

Vertical tai ! 

!\i td < ie r 
W i tip, 
i'l 1 evori 

Trans, i. tion st rip 

:;hm (-pa) 

.'I'M (-).) 

PPM (-)i moved ft iivm. I' d) 

ldoirr 


) 


po 


SSS'JSSS 






The following table summarizes integrated vehicle (OTS) confi gu- 


ru l ions investigated: 


Conf iguration 


Description 


Base] ine 2A orbiter 

“10 S u 7 r U H 3 “a N 9 V 5 R 5 W 87 E i8 X 10 

Baseline 2A orbiter with static taps on the three 
MPG nozzles 

to s D T t " 3 N 8 to v 5 t W 8T te X 10 


°3 

0 , 


3 


Game as 0^ with top MPG nozzle blocked 

Game as 0^ with lower lefthand MPS nozzle blocked 

Baseline configuration k EOHT T^q 

Baseline configuration h SRM S^qN^q 

Game as shifted forward 71 in. full scale 

Game as but with mismatched SRM nozzles S ^Q^29 

Baseline 2 A SUM S^N ^ ^ 


These symbols are used as a shorthand notation to designate group: 
of components on the Data Get/Run Number Summary (Table Ila. ) . 


GY 







TEST FACILITY DESCRIPTION 


The Ames Research Center Unitary Plan Wind Tunnel 8- by 7-foot super- 
sonic test circuit is a closed-return, variable-density, air-medium facility 
with a l6-foot-long test section. The throat has flexible sidewalls for 
control of tunnel Mach number. The 8- by 7-foot tunnel uses the same 
motors and compressors as the 9- by 7-foot circuit. 

The tunnel is capable of attaining Mach numbers from 2.45 to 3-50 at 
Reynolds numbers from below 1.0 x 10^/ft to approximately 5*0 x 10^/ft. 

Models are supported, in general, from stings mounted to a body-of- 
revolution on a floor-to-ceiling strut system. Internal strain-gauge 
balances are used for force and moment data, and pressure instrumentation 
is provided. 

Schlieren and shadowgraph equipment is available, as well as additional 
force, moment, and stress monitoring instrumentation for specific models. 
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’ A 


DATA REDUCTION 


The lefthand wing panel was instrumented with a single- flexure three 

component moment balance. This balance was temperature compensated and 

gave accurate measurements at all tunnel temperatures. 

The two elevons on the lefthand wing panel and the rudder *ere each 

instrumented with single component moment balances. These balances were 

not temperature compensated and experienced large zero shifts during the 

test. During any specific pitch or yaw run the zero shifts were negligible. 

However, during a series of pitch and yaw runs the zero shifts happened 

at a point that cannot be determined. The sensitivity did not change. 

The tabulated data for these components (CH„ , CHp » CH ) are presented 

^ O K 


and should be used only for obtaining slopes of these measurements vs. 
i or B and should not be used for defining magnitude of the moment load. 
Center of pressure (XCP): 

aN + dN 

XCP = MRP (X T ) - - a — M — 

XCP S3 EOHT station, inches (model scale) 

Ascent vehicle total chord force coefficient (C. ): 

*T 


C = C + C A + °A 
^BAL C ORB ( 


'EOHT 


+ C. + C. + C. 

A C \ 

^SRM ORB SRM 


where : 


= - C. 


+ C 


"ORB 


"ORB 




ORB 


= - C. 


+ c 


"EOHT 


"EOHT 




EOHT 


= - C. 


+ C 


"SRM 


;rm 




SRM 
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Ascent vehicle total pitching moment coefficient (C^) : 

c *r “ Cm dal “ Ca corb 
+ Ca n, 


ZC 0RB 

* 

x r . 

Zc 0RB 

.Aref . 

Ab 0RB 

Ar£ F 


- Ci 


ORB 


U SRM 


Zn orb 

* 

n 

Zc E0HT 

* 

X f* A 

ZC E0HT 

Aref 

C A r 

^EOHT 

Aref 

Ab E0HT 

Aree 

li d 


a SRM 


ZC 


SRM 


Aref 


+ c ai; 


SRM 


ZN 


SRM 


Aref 


Substituting: 


c«r ■ c„ BAl + c ACora + c A[) 


c *c< 


2 c 


SRM 


c an< 


C SRM J ""SRM 

Forebody chord force coefficient (C A ^) : 

CA f 


‘ORB 

Zn srm 


Zn 


ORB 


Aref 


+ C A( 


'EOHT 


Zc 


EOHT 


Aref 


Aref 


Ca T CA b 0 RB CA bEOUT " ^SRM 

CAb OMS ~ Ca *>omsn " Ca i>acps 


whe re: 


C Av 


3 orb 


CA b 


I 204 Cpt 
1 - 201 1 

I 204 WF, 

1 - 201 A 


302 C P 
1 - 301 1 


A b 


ORB 


EOHT 


CAb SRM 


. 302 

L i - 301 


WF t 


C *l>0«SN ■' (CPM5> 


r 404 c Pi 
L _i • 401 1 

r 404 wf« 

i - 401 F * 
Ab OMSN 


‘REF 


EOHT 

‘REF 


b SRM 


S REF 


‘REF 
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'iiipHHUpp 


C A, 


b OMS 


■• ( C P>^) 


5 OMS 


S REF 


CAb ACPS " " <CP A05 ) 


Ab 


ACPS 


S REF 


Ascent vehicle forebody pitching moment (Cj^) : 


^Mf m “ ^A| 


b ORB 


Zb 


ORB 


f REF 


" C Ai 


b EOHT 


Zb 


EOHT 


l REF 


C Ab 


SRM 


Zb 


SRM 


*REF 


- C Ak 


J OMS 


Zb ; 


OMS 


4 REF 


~ C Av 


Zb 


OMSN 


CAk 


Zb 


ACPS 


ZREF 


b OMSN [ *REF J ~ Ab ACPS 
Wing, base, cavity, and upper MPS nozzle pressure coefficient (Cp^) 

Elevon hinge moment (Ch ) : 


®e| ^ei 

c »e, " q s € c e 


(Inboard) 


ch 


K 


O 


e 0 3 s e C c 


(outboard) 


CH 


e T " C % ^ C »e t 


where: 


m' “ raw cts 

K ■ calibration factor ^in.-lb/ctsj 


3 ? 


Rudder hinge moment (C^) : 


K 

“r K r 


' q s r c r 

Wing bending, torsion, and load CP: 

Convert raw data counts to in. -lbs: (basic slopes) 
where : 

m' ■ raw data cts 


Kjj ■ calibration f actor (in. -lb/ct) and 1 ■ gage number 
j ■ order of term of second degree curve fit 


■i K 11 + <«i> 2 K 12 

(inboard gage) 

«j K 21 + <*P 2 *22 

(outboard gage) 

®3 K 31 + (m 3 )2 K 32 

(torsion gage) 


Taking interactions into account: 

"i--i 


M 


i • *2 - 


M 3 ' "3 - 



m, ♦ 1 


> 

CM 

CM 

B 

Km* 


/«t 

"3 * (* 

( " 5>J 

l v 2 'i 

\ z/ 2 j 


\ 

3/ l ' 

3/ 2 J 


m l + l 

6m, j 

m 

(m x ) 2 


\(- 

Ui 

" ,+ ( ? 

it) ( ’3 )J 

V 1/ 

» 

1 

\ i/ 



\ 

3/i V 

3/ 2 J 

(tls) 

\ Ain j 

1 n l 

( i 

\ (n^) 2 


Vi 

V 6 

?) - *G 

5) <"2> 2 ' 

\ om i / 

P 

1 

y 6m^ J 

2 

« 


\ 

P 

2/ 1 ' 

2/ 2 


Determine loads and coefficients: 

*i 


"w-l 


M, - 


*W 


N 


W 


C NW " q Sw 

IH 2 ♦ Y w V 


C »W " 


q S w by 
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Determine loads and coefficients: 


• q S W C W 

^Hy — 

XCP W *HL C U 

Y CP W " y ROOT + b w 

Jet Plume Parameters (RP(^ y RP e ^ j): 


RPc^ j ■ 144 


PC 


L± 


RP e( ) - 144 


1 

V 


P« 


The following reference dimensions and constants were used 



Full Scale 

Model Scale 

A. 

ACPS 

28.1*2 ft 2 

0.01026 ft 2 

V 

572.56 ft 2 

0.2067 ft 2 

OMS 

16.973 ft 2 

0.00613 ft 2 

A. 

OMSN 

25.631 ft 2 

0.00925 ft 2 

ORB 

226.75 ft 2 

0.08186 ft 2 

A. (S.) 

^SRM 6 

512.1*65 ft 2 

0.185 ft 2 

a. (^ ) 

^SRM 10 

183.01 ft 2 

0.0661 rt 2 

A C 

ET 

366.5 ft 2 

0.132 rt 2 

A c 

ORB 

302.1*0 ft 2 

0.1092 n 2 

A c 

^SRM 

181.378 ft 2 

0 . 0651 * ft 2 

a n 

ORB 

11*1.1*1* ft 2 

0.0511 ft 2 

a n 

W SRM 

219.02 ft 2 

0.0791 ft 2 

a 

- 

-2.783 in. 

b 

w 

363.31*1 in. 

6.903 in. 

C 

e 

90.7 in. 

1.723 in. 

C 

r 

71*. 1* in. 

1.1*11* in. 


35 



Full Scale 

Model Scale 

c 

w 

51 3 . U 7 U in. 

9.796 in. 

d 

- 

-11.283 in. 

e 

- 

0.0 in. 

f 

- 

-3.533 in. 

£ 

- 

-10.533 in. 

F 

1328.0 in. 

25.232 in. 

e 

o 

210.0 ft“ per wing 
panel 

0 . 0' T 58 ft 2 

“V 

106.38 a 2 

0.0 38 I 1 a 2 

s w 

1006.5 ft 2 

0.363 ft 2 



0 

C REF 

.’ 690.0 tV 

0.971 ft" 

*v 

- 

0 . 56 38 in. 

X HL 

11 SO. 79 in. 

21.865 in. 

y w 

- 

0.11*23 in. 

y root 

109.0 in. 

1.995 in. 

r • 

AC Pi’ 

1*00.987 in. 

7.050 in. 

v.„ 

f/L 

0.0 

0.0 


Ms. 90S in. 

7.895 in. 

\)NUi 

1*37.91* in. 
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Full Scale 

Model Scale 


310.0 in. 

5.89 in. 

Zb SRK 

Z =ET 

0.0 

0.0 

0.0 

0.0 

z c 

ORB 

31*9.66 in. 

6.6 1* in. 

Z C 

SKM 

0.0 

0.0 

^‘OBB 

335.0 in. 

6.36 in. 

h grm 

0.0 

0.0 


Calibration Constants 


K 

r 

pe 

(ORB) = 1.060 

(SUM) ^ 1.122 


positive Gage Output 

Negative Gage Output 

K 

e i 

26 . 20 in. -lb-v/mv 

i? 6.39 in. -Ib-y/rn 

K 

e 

o 

27 . 0'3 in. -iL-v/mv 

27 . 1*2 in. -lb-v/mv 

rC 

r 

20.80 in. -ib-v/mv 

20.885 in. -lb-^/mv 

K u 

1*63.1672 it. -lb-v/mv 

1*76.3951* in. -lb-v/mv 

K i ? 

0.0 

0.0 

K 21 

1*36.8877 in, -lb-v/mv 

1*3 7 . l*l*7l* in. -lb-v/mv 

K o:> 

0.0 

0.0 
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JEST • IA12C (ARC 87-710) 


DATE ?July, 1973 


TEST CONDITIONS 


MACH NUMBER 

REYNOLDS NUMBER 
(per unit length) 

DYNAMIC PRESSURE 
(pounds/sq. ft J , 

STAGNATION TEMPERATURE 
(degrees Fahrenheit) 

2.5 

2.38 x 10 6 / ft 

590 

12Q 

^.0 

2.30 x 10 b / ft _ 

375 

120 


1.78 x 10^/ ft 

2U5 

1 ?0 


















* 




































BALANCE UTILIZED: 2. 5- inc h . Task 


fwd 

NF 

fwd 

SF 


AF 

aft 

NF 

aft 

SF 


RM 


CAPACITY: 

lLOQ lbs 
700 lbs 
280 lbs 
lLOO lbs... 

-7.Q9 Ite- 


ACCURACY: 


COEFFICIENT 

TOLERANCE: 


+ 

.5* _ 

± 

. 5 % .... 

± 

■ 555. . 

± 


± 

- - 





COMMENTS: Model was also instrumented with: elevon and rudder hinge 

moment gages, wing 3-component balance, nozzle and wing pressure orificesj 
and base pressures. 
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COLLATION INFORMATION 



















TABLE II. - Continued 



COEFFICIENTS : r . ^ ~ 4 -«i 3 ~Z~. 7) T > jlDPVAR(l)| IDPVAR(2)|NDV 
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TABLE III. - MODEL COMPONENT D -MEN SIGNAL DATA 


WOEL COMPONENT: BIO - Body 


GENERAL DESCRIPTION: Fuselage, 2 a Configuration, Lirhtweight Opbiter per 

Rockwell Lines VL70-OOOOS9 "B". 


Scale Model * O.O 19 


ORAWING NUMBER ; 


VL7O-0OOOS9 "B" 
VL70-000092, 93, 9 4 
SS-A-000Q2 


DIMENSIONS: 


FULL-SCALE MODEL SCALE 


Ltngth '—in. 

Max. Widths in. (eXo = 1528.3) 
Max. Depth — in. (*x„ = 1400.52) 
Fineress Ratio 

Area ~ Ft. 2 

Max. Cross-Sectional 

Planform 

Wetted 

Base 


1328.3 

265.0 


24a. 0 

5.01? 


456.4 


25.23S 

5.035 


4.712 

5.012 


0.164S 
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TABLE III. - Continued. 












TABLE III. - Continued. 


MOOEL COMPONENT : D7 - Manipulator Housing 

GENERAL DESCRIPTION: 2A Configuration Per Rockwell Lines VL70-Q00093 


Scale Model =0.019 


DRAWING NUMBER : VL70-000093; S S-A-00092 

DIMENSIONS: FULL-SCALE MODEL SCALE 


Length ^in. 16 -739 

Max. Width ^in. 3 1.0 0.969 

Max. Depth ~ in- 2 3-0 £j±2Z 

Fineness Ratio ~ ~ 

Area 

Ma<. Cross-Sectional ~ ~ 

Planform _ ~ 

Wetted . ~ __ 

Base " _1— 


Location at: 

£ Fuselage BP = 0. f ' 

WP « 500.0 INFS 
X o L26.0 to Xq1307.0 INFS 


TABLE III. - Continued. 


HOOEL COMPONENT: Ff ^ lv ■ 

GENERAL DESCRIPTION: .iP T . .Tody Flap Used on Lirh V.'nr'ri. Obiter Confirirat ion 


Model Scale = 0.039 


DRAWING NUMBER: 

VL- 7 O-OOO 09 / 4 . "A". ss-A-nnnoo 


DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

Length > in 

RU.70 

1.609 

Max . Width, in 

-265.00 

5.015 

Max. Depth 



Fineness Ratio 




Area, n 2 

Max. Cross-Sectional 

Planform 

Wetted 

8»se 


lU2.f>U 0.051/4.9 


38.65 0.01395 


5l| 
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MODEL COMPONENT: M-^ - QMS POD 

GENERAL DESCRIPTION: 2A Lighttight Orbiter Configuration r>fir Rockwell 

VL70-0QQ094' I A' 1 


Scale Model = 0.019 

ORAWING NUMBER : VL70-000094 "A" ; SS-A-00092 

DIMENSIONS : FULL-SCALE MODE L SCALE 

Length in. 

Max. Width^in. -i Xo 1450.0 
Max. Depth -^in. v x c 1500.0 

Fineness Ratio 

Area 

Ma*. Cross-Sectional 
Planform 
Wetted 
Pase 

<£of OMo POD 

7 o = 463.9 INFS: VP400 + 63-9 = 463.9 INFS 

Yo = 80.0 INFS 

Length: X G 1214.0 to Xq 1560.0 - 346. 0 INFS 


346.0 .. 6.574 

108.0 2.052 

iliaS .. 2 , 16 ?, 


J ) 




Pitch 

Yuw (Outb'd) 


TABLE III. - Continued 

MODEL COMPONENT: . MPS NOZZLES - M Q 

GENERAL DESCRIPTION: _Orbiter nozzles used , for cold plume simulation ^ M = O.Q r 

Uil i . hJHii 2.0 t 2.0 and J L.JL . — All (3) nozzles a re mounted to ball 

with g imbal angles of +11° pit ch and +9° yaw from null. 

MODEL SCALE = .019 

DRAWING NO. SS-A00092; SS-AOOQ95 

Dl. P ENSIONS 

Mach No. 0.9 thru 3.5 

Length ~ in. 

Gimbal Point to Exit Plane 
Throat to Exit Plane 
Diameter ~ in. 

Exit 
Throat 
Inlet 

Area ~ ft /Nozzle 


FULL SCAL E MODEL SCALE 


90.730 1.7238 

28.126 0.5344 

37.336 0.7094 


Exit 

Throat 

Gimbal Point (station) ~in. 

Upper Nozzle 
X 

Y 
Z 

Lower Nozzles 
X 

Y 
Z 

Null Position ~deg. 

Upper Nozzle 
Pitch 

Yaw 

Lower Nozzles 
Pitch 

Yaw (outb'd) 


44.896 0.0162 


U45.0 27.455 

CgO “O 

" U3.o “TO7 


146 .9 27.890 

HEg ~Xg07 

-342 *6 . , 6.510 


16 ° 16 ° 

0 ° 0 ° 


10 ° 10 ° 
3 * 3 ! 1 mi 
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TABLE III. - Continued.. 


MODEL COMPONENT: — ~ ” 

nTCr , TAV , Same as N9 except each nozzle has (12) external sta tic 
GENERAL DESCRIPTION: . ? fcme VL . 7 ■ ■ 

pressur e taps on their surfaces — — 


MODEL SCALE = ,01< ^ — 

DRAWING NO. SS-A00092, SS-AOOQ95. 

PULL SCALE MODEL SCALE 

DIMENSIONS — 

Mach No. __ — 

Length ~ in. 

Gimbal Point to Exit Plane ~ “ 

Throat to Exit Plane ' 


Diameter ~ in. 

Exit 
Throat 
Inlet 
Area ~ft^. 

Exit 

Throat 

Gimbal Point (station) ~in. 

Upper Nozzle 
X 

y 

z 

Lower Nozzles 
X 

y 

z 

Null Position ~deg. 

Upper Nozzle 
Pitch 

Yaw 

Lower Nozzles 
Pitch 
law 

58 
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TABLE III. 


Continued, 


MODEL COMPONENT: NOZ ZLES - N 17 : 

GENERAL DESCRIPTION : BSRM Nozzle (Qu = U°) used for cold .let plume simulation 

it M = .9 and 1.2 (/ = 7.0) 


MODEL SCALE ^ 0.019 

DRAWING NO. SS -*00110 

DIMENSI ONS 

Me. eh No. .9, 1. 2 

Length ~ in. 

Gimbal Foint to Exit Pl&ne 
Throat to Exit Plane 

Diameter ~ in. /Nozzle 
Exit 
Throat 
Inlet 

Area ~ ft 2 . /Nozzle 
Exit 
Throat 

Gimbal Point (station) ~ in. 

X 

Y 

Z 

Mull Position -deg. 

Pitch 

Yaw 


FULL SCALE 


141.684 

$3.611 

69.316 


109.489 


2338.7 90 

+243.000 

400.000 


0 * 


MODEL SCAIE 


2.692 

1.019 

1.317 


0.0395 


44.439 

+4.617 

7.600 


0 ° 


0 * 


0 ° 


TABLE III. 


Continued. 


MODEL COMPONENT: NOZZLES - N 18 

GENERAL DESCRIPTION: BSRM Nozzle (9 m » 24.4°) used for cold let uluae simulation 

»t H = 3.0 and M * 3.5 


MO DEL SCALE = .019 

DRAWING NO. SS-A00110 

DIMENSIONS 

Mach No. 2.5, 3.0, 3.5 
Length ~ in. 

Global Point to Exit Plane 
Throat to Exit Plane 

Diameter ~ in. 

Exit 

Throat 

Inlet 

2 

Area ~ ft • /Nozzle 
Exit 
Throat 

Gimbal Point (station )~ in. 

X 

Y 

Z 

Null Position •' deg. 


FULL SCALE 


141,684 

53.611 

69.316 


109.489 


2338. 79C 

±243.000 

400.000 

0 ° 


MODEL SCALE 


1.0186 

1.317 


0.0395 


44.437 

±4.617 

7.600 


0 ° 


Pitch 
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'i’ABUl ill. 


Conti. idea. 
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MODEL COMPONENT : NOZ ZL ES - N 29 

GENERAL DESCRIPTION: BSRM Nozzles mismatched on left and ri g ht aide, i.e. . left 

nozzle contour and location same as Nift and right nozzle contour and locations 

same ae N17 (£ = 7.0) 

MODEL SCALE ■ .019 

DRAWING NO. SS-A00110 

1 

j 

DIMENSIONS FULL SCALE: MO DEL SCALE 

Mach No. | 

j 

Length — in. j 

Gimbal Point to Exit Plane 

Throat to Exit Plane 

• I 

Diameter ~ in. 

I 

Exit \ 

l 

-1 

Throat \ 


Area~ft 2 . 

Exit 

Throat 

Gimbal Point (otation)~in. 
X 
I 

z 

Null Po3ition --deg. 

Pitch 





TABLE III. - Continued. 


MODEL COMPONENT: NOZZIES - 1»)Q 

GENERAL DESCRIPTION: BSRM Nozzle sane as N18 except moved forward 71" full sole. 

Gimbal point also moved forward 71". Used for Mich No. *s 2.5, 3.0, and 3.5 

(6 z LSI 

MODEL SCALE ■ .019 

DRAWING NO. SS-A00110 

DIMENSIONS FULL SCALE MODEL SCALE 

Mach No. 

Length — in. 

Gimbal Point to Exit Plane 

Throat to Exit Plano 

• 

Diameter in. 

Exit 

Throat 

Inlet 

Area- ft 2 . 

Exit 

Throat 

Gimbal Point (station)— in. 

X 

T 

Z 

Null Position- dog. 


Pitch 




TABLE III. - Conti rued. 

MOOEl COMPONENT i_ VERTICAL ■ »5 (LUht Mt or bl t,»r 

GENERAL DESCRIPTION: _C.nt.rHne V.rUcnl T.ll. ro uble Vfert,, A'-rMl w»n 
Rounded Leading Ripe 


Model Scale = O.Q10 


DRAWING NUMBER; 
DIMENSIONS : 
TOTAL DATA 


YL-70-00009 5 : SS-A-OOOO? 

FULL-SCALE 


Area (Theo) Ft 2 
PI an form 
Span (Theo) In 
Aspect Ratio 
Rate of Taper 
Taper Ratio 

Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords; Inches 
Root (Theo) WP 
Tip (Theo) WP 
MAC 

Fus. Sta. of .25 MAC 
W. P. of .25 MAC 
B. L. of .25 MAC 
Airfoil Section 

Leading Wedge Angle "''Deg 
Trailing Wedge Angle — Deg 
Leading Edge Radius tn 
V oid Area^pt*’ 

Blanketed Area -Ft 2 


413.25 


3TT72 

TTA 75 

37^07 

3.404 


45.000 

26.249 

41.130 


108.47 

T*Tfl 

1463 • '0 

0.0 


10.00 

1-1.92 

2.00 

13.17 

12.67 


MOOEL SCALE 


0.1492 


1.67 ' 
0.507 
0.404 

45.000 

26.249 


2.Q6J 

3-796 

27.807 

12.075 

-.Q.O 


IQ -00 

14-92 
0.0 <8 
O.OQ/.*>«; 
Q.oO/.t'? 


I'ARLE I .ft. - Continued. 


MODEL COMPONENT: R 5 - Rudder 

GENERAL DESCRIPTION: 2A Configuration per Rockwell Lines VL 70-000095 . 


Scale Modal = 0.019 


DRAWING NUMBER : VL70-00009«; ss -Annngi, ‘92 


DIMENSIONS: 


FULL-SCALE 


Area ~ F t 2 

Span (equivalent )^- in 

Inb'd equivalent chord, in 

Outb'd equivalent chord, in 

Ratio (lovable surface chord/ 
total surface chord 

At Inb'd equiv. chord 

At Outb'd equiv. chord 

Sweep Back Angles, degrees 

Leading Edge 

Tailing Edge 

Hingeline 

Area Moment (Normal to hinge 11ne)~Ft3 


106.3 ft 

201.0 

50.833 


0.400 

sum 


2k-2±. 

26.25 


(Product of Arva an i 


(•{•■an Ch 



MODEL SCALE 

0.0384 

3.819 

0.966 


0.400 

O.UOO 

.3 

26.25 

34.83 

0.00361 


1 


TABLK HI. - Cot. eluded. 


MOOEL COMPONENT: WING-W 37 Lightweight. 


GFNSRAL DESCRIPTION: Orbiter configuration per Rockwell Lines VL7Q-QCQQS3 

“ (Dihedral angle 13 defined »t. the lower 

NCTTii. ' . nf +hm n's .'Hi 


•lementxlnc 

rolectcd into a plane perpendicular to_the FHL. 



TEST NO. 

DIMENSIONS: 

TOTAL OAT A - 

Area Oheo.) Ft 4 
PI an form 
Span (Theo In. 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords: a. in 

Root (Theo) B. P.0,0. 
Tip, (Theo) B.P. 

MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 


DWG. NO. VL7Q -OWOSI- 

53A-a6667T, 92 
FULL-SCALE MODEL SCALE 


EXPOSED OATA 2 

Area (men) Ft 
Span, (Theo) In. BP108 
Aspect Ratio 
Taper Ratio 
Chords 

Root BP103 
Tip 1.00 b 

MAC * 

Fus. Sta, of .25 MAC 
W.P. Of .25 MAC 

B.L. of .25 MAC . 

Airfoil Section (Rockwell Mod NASA) 
XXXX-64 

t/ e r„Root b - Q.A25 
2 

Vc | ■ 1.00 

Data for (1) of (2) Sides 
Leading Edge Cuff 2 
Planform Area Ft 

Leading Edge Intersects Fus M. L. 9 sta 
Leading Edge Intersects Wing 8 Sta 


2690.0 


45.000 


689.24 


li'j hTg? ‘ 

"27772C ” 

wm — 


1752.29 


0.2451 


562.40 



. 0 : 21 - 

17.797 

2.2&5 

iSF 

+3.000 

U5.000 


13.096 




0.633 


10 . 666 . 


4.783 


1 


TABLE III. - Continued. 


MODEL COMPONENT: E18 - Eleven 

GENERAL DESCRIPTION: 2A Configuration Per W-87 Rockwell Lines VL70-Q00093 

Data for (1) of (2) Sides 



Scale Model = 0.019 
DRAWING NUMBER : 
DIMENSIONS: 


VL70-000093; S S-A-00092 

FULL-SCALE 


Area ^ pt 2 — 

Span (equivalent) ~ in. 

Inb'd equivalent chord (B.P.115.0in),in 

Outb'd equivalent chord (B. P.468. 3in),in____55^00__ 

Ratio movable surface chord/ 
total surface chord 


MODEL SCALE 

0.0712 
6.713 
2.181 
1.045 


At Inb'd equiv. chord 

0.208 

0.208 

At Outb'd equiv. chord 

0.400 

0.400 

Sweep Back Angles, degrees 



Leading Edge 

0.00 

0.00 

Tailing Edge 

-10.24 

-10.24 

Hingeline (x o «i337” f. s. ) 

0.00 

0.00 

Area Moment (Normal to hinge line) 

Ft3 1,548.07 

0.01062 


Product of Area Moment 

NOTE: The elevon panel consists of an InBD and OutBD segment. The 

split line dividing the segments is at B.P. 281 inches full 
scale (B.P. 5.339 inches Model Scale) 


original pagbb 
OV POOR QIJAUTY 


* 



TABLE III. - Continued. 


HDOEL COMPONENT: SA - Booster Solid 

Rocket Motor 


GENERAL DESCRIPTION: Booster Solid Rocket Motor (Light Weight Orbiter 

Configuration) body of Revolution. 

Data for 1 of 2 sides 

Model Scale =0.019 

DRAWING NUMBER: VL- 72-000061 'C' 

; VL-77-000012 'H' ; 

SS-A-00094 

DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

Length (Includes Nozzle), IN 

17^1.0 

33 .080 

Max. Width (Tank Dia.), IN 

142.0 

.2.698 

Max. Depth (Aft Shroud), IN 

259.0 

4.921 

Fineness Ratio 

6.722 

6 . 72 ? 

Area , Ft 2 

Max. Cross-Sectional 

365.87 

0.132 

Planform 



Wetted 

— 


Base 

- 

_ 

W.P. of BSRM Centerline, (Xt), IN 

400.0 

7.600 

F.S.'of BSRM Nose (Xt), IN 

743.0 

14.117 
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TABLE III. - Continued. 


Solid Rocket Motor (S ) 

Model Component: ... 

General n^rriotion: Booster solid rocket motor, body of revolution 
Data for 1 of 2 sides 


Model Scale = 0. 019 


Drawing Number: VL77-000039 


Dimensions : 

Length (includes nozzle), in. 
Max width (diameter), in. 
Max depth (aft shroud 
diameter), in. 

Fineness ratio 
Area ~ ft 2 

Max cross-sectional 

Planform 

Wetted 

Base 

WP of BSRM centerline, 
(X T ), in. 

FS of BSRM nose, (X T ), in. 


Full-Scale 

1741.0 

142.0 

192.0 

9.0677 

201.062 • 


400.0 


743.0 


Model Scale 
33.080 
2. 698 
3.648 


9.0677 


0.0726 


7.600 


14.117 
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TABLE III. - Continued. 


Model Component: Solid Rocket Motor < S U > 


General Description: Booster solid rocket motor; body of revolution; data 
for 1 of 2 sjdes. (See Figure 11. ) Same as S~ except shifted forward 


71.0 inches full scale 


Model Scale = 0. 019 


Drawing Number: VL77-000039 


Dimensions: Full-Scale Model Scale 


Length (includes nozzle), in. 1741. Q 33 0g Q 

Max width (diameter) in. 142. 0 2. 698 

Max depth (aft shroud, dia) in. 192.0 * 3. 543 

Fineness ratio 9.0677 9. Q677 

Area - ft^ 

Max cross-sectional 201.062 0.0726 


Planform 

Wetted 

Base 

WP of BSRM centerline, 

( X T>* in * 400. 0 7. 600 

FS of BSRM nose (X-p), in. 672. 0 12.768 
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TABLE III. - Continued. 

MOOEL COMPONENT: TlO External Tank 


GENERAL DESCRIPTION: External Oxygen Hydrogen Tank 


Configuration to which the Orbiter and the Two Solid Rocket Motors attach 

Body of revolution 

Model Scale ^0.019 


DRAWING NUMBER: VL-70-000088 VL-78-000041 


DIMENSIONS: 


FULL-SCALE MOOEL SCALE 


Length , IN (Nose @ Xt = 309.0) 1865.0 35.435 

Max. Width (Dia.), IN 324.0 . 6.156 

Max. Depth - 

Fineness Ratio 5.75617 5.75617 

Area Ft 2 

Max. Cross-Sectional 572 . 56 0.2067 

Planform - - 

Wetted - - 

Base - - 

.'W - .?. of Tank Centerline, (X^) IN 400.0 7.600 


i 
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General 






(TOP VIEW) 


+ 



Rudder Deflection Angle (6 r ) Defined 



WING REF. PLANE 




















Figure 2 - Continued 














RADIUS IR IHCHBS 


MOTS i SKETCH DIMENSIONS ARE INCHES 
MODEL SCALE 



' X/r* 

r/r* 

X/r* 

r/r* 

0 

3.2257 (EXIT PLANE 

3 . 6999 

2 . 5393 

0.1097 

3.2107 

3.9169 

2 .4828 

0.3365 

3 . 1793 

4.0378 

2 .4525 

0.5879 

3.1430 

4.1718 

2 . 4165 

0.8660 

3.1010 

4.3215 

2.3754 

1.0101 

3.0786 

4.486? 

2 . 3286 

1.3342 

3.0258 

4 . 6980 

2 .2665 

1.6437 

2.9727 

4.8990 

2.2055 

1.8428 

2.9368 

5.0303 

2 . 1639 

2.0992 

2 . 8892 

5.1969 

2 .1104 

2.2421 

2.8615 

5.3945 


2.4012 

2.8301 

3.6396 

1.9585 

2.5782 

2.7942 

5.7848 

1.9053 

2.7743 

2.7530 

5.9188 

1 .8552 

2.9918 

2.7058 

6.1246 

1.7754 

3.1995 

2.6591 

6.3593 

1.6796 

3.4008 

2.6123 

6.5565 

1 .5954 

3.5307 

2.5808 

6.7013 

1.5307 



6.9143 

1.4315 


1 

! | 

7 . 1815 

1.7665 



7 . 2455 

1 . 2665 



7 .4502 

1 .1568 



7 .5569 

1.0969 


Figure ?.(Cont , d) 

1. Nozzles N ? and N ^ 
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EXIT PLANE 
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Figure 2 . (Coat'd) 
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Figure 3. - Concluded. 



DATA FIGURES 


Force Data 

(For Wing Pressure Data - See Volume II) 
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REFERENCE I FORMATION 
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PLUME SIZE EFFECTS ON LONGITUDINAL CHARACTERISTICS 
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PLUME SIZE EFFECTS ON LONG I TUO INAL CHARACTERISTICS 
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APPENDIX B 


Nozzle Pressure Data 


Dataset Name Key 

HBZA — , Upper MPS Nozzle 

RBZB — , Lower Lefthand MPS Nozzle 

RBZC — , Lower Rip;hthand MPS Nozzle 
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